The method for computing certain inverse functions, one binary digit at a time, which was described by D. R. Morrison in a recent issue of MTAC [1] has been used in this laboratory.
This review was prepared by J. Todd for Mathematical Reviews. This gives, on page n + 2 for n = 1(1)100, the product mn to two decimal places, where m = 1 (1/4)100. There follows the product mn for m = 101 (1)1000, n = 1(1)100, each page covering five values of m; there is also a table of mn, m = 1(1)300, « = |, §, §.
There is a brief introduction showing the use of the tables. There are elaborate thumb indices. Printing is satisfactory ; the accuracy has not been checked.
J-T.
This review was prepared by J. Todd for Mathematical Reviews.
77 [B] .-H. Nagler, This table gives VÏV to 15D (17S) for N = 1(1)10,000. The table was computed on an Elliott 402 digital computer, and printed on an automatic printer from five-hole punched paper tape. The author states that the method of computation insures that the error is within one unit in the last decimal place. A random spot check by the reviewer with 18D hand computed values revealed an error of 1 in the last place in two cases out of ten, the other eight cases being correct.
David A. Pope de Belgique, Cl. d. Sciences, Bull., s. 5, v. 52, 1956, p. 543-578. This article treats in detail the problems of approximating elementary functions by polynomials, for use on a digital calculator using floating decimal arithmetic. The specific calculator the authors have reference to is the Belgian machine ISRIA-FNRS [1] , which uses a floating decimal arithmetic with 15 significant digits in the mantissa, and an exponent between -50 and 50. The basic command structure allows the machine to add, subtract, and multiply ; all other arithmetic operations must be programmed.
It is clear that in dealing with floating point operations, the desirable criterion for an approximating polynomial is that the relative error, rather than the absolute error, of the approximation be bounded. Two methods of deriving a polynomial with a given relative error from a polynomial with a given absolute error are discussed ; the first method depends on the property that if the function fix)/x is approximated by a polynomial p (x) on an interval I with an absolute error = e, then the approximation xpix) to the function fix) will have a relative error = Me, where m = sup\x/fix) |, for x in I. The second method utilizes the fact that if the derivative fix) is approximated by a polynomial with a certain absolute error, then the integral of the polynomial will approximate fix) with a bounded relative error.
Several methods of obtaining the approximating polynomials are discussed, and illustrated by deriving the polynomials used in the calculation of l/x, x_i, sin x, arc tan x, 101, 10x -1, log™ x. Tables are given of the coefficients of the polynomials derived, to 15S.
An analysis of the rounding error in the calculation of polynomials is also made, and the question of which elementary functions should be chosen as basic is investigated. For example, for x near zero, the function 10* -1 is chosen as the basic function, and 101 is gotten from it by addition of unity; this has obvious advantages in the calculation, for example, of sinh x for x near zero.
The basic law of floating point coding is "avoid subtracting two nearly equal numbers," and the authors have shown ingenuity in complying with this law while calculating the elementary functions. The ideas contained in this article should prove valuable to everyone who is coding in floating decimal (or floating binary).
David A. Pope The main table gives values of the six trigonometrical functions at interval of 4 seconds of time (i.e., 1 minute of arc), usually to 5S, in the range 0 to 3 hours. (Whenever the leading figure is unity, five further digits are given.) First differences are usually given, with their proportional parts alongside the tables. An auxiliary table, new in this second edition, gives cot x, cosecjc to 5S for x = 0(.l8)8m(l8)40m. There is a table of sin2 Qx) for x = 0(48)12h. Entries with terminal 5 are marked with ± to indicate in what direction rounding should be made. There is a collection of conversion tables, constants and formulae from plane and spherical trigonometry and there are worked examples showing the direct and inverse use of the tables. The tables are clearly printed.
There are no references to sources, nor is there a description of the construction. It is stated that the entries are correct to half a unit in the last place. The tables should be convenient for those who require something between the two volumes issued by L. J. Comrie [1] which gives 4+ decimals at 10" interval, and the British Nautical Almanac Office [2] which gives 7D at 1 interval.
This review was prepared by J. Todd for Mathematical Reviews. This is a second edition of this useful book. (The first edition was reviewed by K. G. Van Wynen, RMT 526, MTAC, v. 3, 1948, p. 174-175 .) The unhandy binding of the first edition has been improved, errors have been removed, notation has been changed (complex arguments are now A + jB instead of b + ja), nomograms have been added extending the range of the argument for hyperbolic tangent, and nomograms for interaction loss and interaction phase shift have been added.
In addition to discussion and formulas, alignment charts are included for sinh iA + iB) and cosh iA + iB), 0 < A < A, for tanh iA + iB), 0 < A < 3 and for various incidental functions as follows :
x + iy = r(cos 0 + i sin 0) ; Ricos a + i sin o) = 1 + r(cos 0 + i sin 0), r < 1 ; = ln(w)' 1:^|Z|^10:
A. » Jin (1 -2e~2A cos 273 + e~*A), 0 < A < 1, 0 < B < 90°; sin 2B Bx = arctan ---, A > 0;
e2A -cos 2B f =-¡=, 10-» < L < 106 henry, 10~12 < C < 10 farad 2ttVlC K = JL, 10-9 < L < 106, 10-12 < C < 10.
The tables and their units are chosen for convenience in electrical filter design and other similar problems. Accuracy is adequate for most such applications.
The author notes the following errata :
"On the four new charts for tgh iA + jB) = r/0 covering the ranges A = 2,00-2,25; 2,25-2,50; 2,50-2,75; 2,75-3,00 nepers, the Bi---Bi scales are erroneously marked Oi-• -a4. In the list of contents, page 6, the formula 7 for the interaction loss should read :
A" -J In (1 -2e~2A cos 2B + er*A).
In the Danish preface, page 9, line 7 from the bottom, the word monogrammerne should read nomogrammerne." C. B. T. MTAC, v. 7, 1953, p. 21.) In this edition the binary point follows the first binary digit of fractions ; the first digit is used as a sign. This is clearly important in use of the table ; for some machines the numbers must be doubled and the sign inserted properly.
Using A, B, C, D, E, and F for the hexadecimal digits ten through fifteen respectively the table lists :
1. Decimal and hexadecimal integers over the decimal ranges 1 (1)1024 (16)4096 and 10*(10*)10*+1, k = 2(1)12; 2. Hexadecimal equivalent of decimal fractions x, x = 10~*(10~*010~*+2, k = 2(2)16;
3. Conversion of w-10*, to normalized hexadecimal numbers, n = 1(2)9, k = -12(1)12 and conversion of 10* and 10~* for k = 13(1)25;
4. Hexadecimal form of constants frequently met ; 5. Decimal form of hexadecimal fractions x = 16~*(16~*)16~*+1 (subject to the sign convention mentioned earlier) k = 1(1)10. Quadratures of High Order," NBS Jn. of Research, v. 56, 1956. This paper contains 20D values of weights and abscissas for Gaussian quadrature rules with n = 2, 4, 8, 16, 20, 24, 32, 40, and 48 These tables contain for four-point Lagrangian interpolation the coefficients Aiit), i = -1 (1)2, / = -1 (.001)2 and for five-point interpolation the coefficients Aiit), i = -2(1)2, t = -2(.001)2, 6D. It was issued as a supplement to [3] .
Several entries were checked against the Mathematical Tables Project's more extensive tables [1] , and no discrepancies were found. The printing of the present volume is clear and easy to read, and the small size of the volume makes the tables much handier than [1] for the many times when four-or five-point interpolation with these increments suffices.
The numbers listed seem to have been rounded individually rather than as a group, so that 2 ¿4 <(£) may differ from 1 in the last digit. This happens for / = 0.001 in the four-point coefficients, for example, where the entries are A-i = -0.00033 3, Ao = 0.99949 9, At = 0.00100 0, and A2 --0.00016 7.
For a slowly varying function tabulated to many places subtraction of a constant (usually common leading digits) may be required to reduce the absolute value of the tabulated entries in order not to introduce a rounding error; restitution of the subtracted portion must follow the interpolation. This process is not always convenient, and the reviewer would prefer the forced rounding used in [1] to assure that 2¿4¿(£) = 1. It would seem to be reasonable to mark each digit which should be rounded up in a further truncation of the coefficients so that this unit sum could be maintained ; thus if only 3D values are needed the user would round up an overscored third digit and leave others as printed in the table. The additional cost of printing might well be justified in ease of using the tables. These three corrections were verified by the reviewer by independent computation ; the error in the third case is about 1.3 final units. The compiler states that some values for small arguments were specially computed; it appears that this part of the work was not well done. On the other hand, it is surprising that a 6D table produced by subtabulating a 6D table should contain so few rounding errors in the portion tested ; perhaps the compiler knows more about the seventh decimal than he has claimed. The second differences appear to be modified when necessary, though this fact is not stated. The table does not pretend to be definitive, but will nevertheless be found very useful.
A. F. This is a table of the function fix) given in the title for x = 0(. 01)31, to 4D. Tables, Cam- bridge University Press, New York, 1956, viii + 59 p., 28 cm. Price $2.00.
In writing their book, Mechanics of Vibration, Cambridge University Press, the authors collected works from various previous engineering publications and managed, in part, the computation of formulae and numerical tables intended to help the analysis (and synthesis) of conservative mechanical systems. These aids, isolated from the main volume, have an independent value for a professional analyst; accordingly they have been extracted in this booklet form.
The structural elements, of which the more complicated systems are assumed to be composed, and their motions are : lateral vibration of a taut, uniform string ; torsional vibration of a uniform circular shaft ; longitudinal vibration of a uniform bar; flexural vibration of a uniform beam. For the three first cases, where the motion is governed by the same second order differential equation, the receptances, natural frequencies, and modes of vibration are given in terms of structural dimensions for three combinations of the simplest boundary conditions, namely, either the distortion or its longitudinal derivative vanishing at the ends. In giving the receptance formulae for the flexural vibration, the boundary conditions considered are those of a beam with clamped, pinned, sliding, or free ends in all proper combinations.
The related functions, composed of products and product sums of trigonometric and hyperbolic functions are given to 5S for x = 0(.05)11. For the boundary condition combinations, pinned-pinned, clamped-clamped, free-free, clamped-free, clamped-pinned, and free-pinned the characteristic functions and their derivatives up to the fifth mode are given to 5S for x/l = 0(0.02)1, and likewise the five first roots of the associated characteristic equations. These lucid tables form a valuable contribution to the similar and previous German and Russian collections. Geodesists employ tables based on a standard assumed ellipsoid of revolution to extrapolate latitudes and longitudes from an astronomically determined point to new points. This procedure was originally worked out in the eighteenth century as a method of determining the figure of the earth by comparing a series of astronomical determinations with the results to be expected from some assumed shape of the earth. It was extended to the general mapping of the European countries as the original arcs of the meridian were expanded into the modern national triangulation nets. The present tables are for the most part carried to a precision of 12 decimal places or 12 significant figures. Since the question of the requirements for such precision have in the past been discussed in Mathematical Tables and Other Aids to Computation, it may not be out of place to discuss the problem here.
P. Laasonen
The results of precise triangulation have a precision of the order of 0?3 in the angles, or six-figure accuracy. Since this accuracy may be demanded between points only a few kilometers apart, it may, under some circumstances, imply accuracies of a few millimeters. Since 1 millimeter is 0''00004 of latitude, the use of five decimals of seconds of arc may, under some circumstances, be required. At the same time, the triangulations of rather large areas, such as Europe or North America, have been brought to consistency by the simultaneous adjustment of the measured angles in very large systems of equations. Hence the latitudes and longitudes within the scheme must be treated formally as though they represented measurements with a precision of 10 or 11 significant figures. The problem comes to a head when it is necessary to transform the latitudes and longitudes into a coordinate system of the type which is used for military or cadastral surveys. There are only two ways to avoid the use of a large number of significant figures: first, to permit the precision of the computations to suffer, by rounding off. This loses the power of the coordinates to define the direction and distance between nearby points. Second, to make use of small systems, thereby risking trouble at the junctions. Neither is desirable; and hence the requirement for precise tables.
It might be thought that the tables, although formally precise, need not be theoretically
correct. An outstanding example of this scheme of thought is the tables for the Lambert Nord de Guerre, prepared in 1916 for France. Of the five constants at the head of this table, no three could be made to agree ; and no two agreed with the table itself. This was not serious until, in 1943, it became necessary to extend the tables. One Allied agency extended them by differencing the tables and extrapolating ; another solved from the tables for the constants of the spheroid which would produce the given tables; while a third managed to guess the approximation which the originators of the table had made. Any one of these tables would have done the job, but the discrepancies between them meant that they could not be used together. Ultimately one was adopted.
The present, very precise tables are based on the International Ellipsoid, adopted at Madrid in 1924, with the dimensions: a (equatorial radius) 6,378,388 meters / (flattening) 1/297.
They replace logarithmic tables prepared at that time. They include : W = Vl -e2 sin2 <t>, <t> = 0°(1')90°, 12D, W/N = WW/a, in meters-1; <t> = 0°(1')90°, 12S, 107Af = 107wVa(l -e2) in meters-1; <j> = 0°(1')90°, 12S,
[u>2aC sin2 ó I W +-¿y-? J in milligals, <b -0°(1')90°, 8S,
(1 -e sin ó \el2 -r--)
1 + e sin <f> / and expressed in seconds of arc; <j> = 0°(1')90°, 6D.
ß -4>, defined by tan ß = b/a tan <p;b = aVl -e2 and expressed in seconds of arc; <f> = 0°(1')90°, 6D.
p"/2MN, where p" = 648,000/*-, * = 0°(1')90°, 6S.
The quantities M and N are the radii of curvature of the ellipsoid along the meridian and parallel to it. They are formed from the auxiliary quantity W. The terrestrial gravity y, is here defined by the International gravity formula, slightly modified to make it rigorously consistent with the International ellipsoid. Note that the geodesists include centrifugal force in gravity, which they distinguish from gravitation,«which is taken as not including centrifugal force. The Gaussian latitude, </>*, is identical with the quantity called the isometric latitude in the tables of the U. S. Coast and Geodetic Survey and the U. S. Lake Survey. The term isometric latitude is used by the Europeans for gd~l<b*, the antigudermannian of the Gaussian latitude. The antigudermannian of <b* is proportional to the north distance corresponding to the given latitude on a Mercator map. For a sphere, it reduces to the log tangent of the semi-colatitude. The Gaussian latitude is fundamental for the calculation of conformai projections (especially for coordinate computations).
The reduced latitude, ß, is also called the parametric latitude. The meridional arc can be expressed as an elliptic integral of the second kind in terms of the parametric latitude.
The This little instrument is a slide rule for the computation of drop and remaining velocity of small arms bullets in terms of muzzle velocity, range, and ballistic coefficient. The scales were prepared on the basis of Ingall's tables, which were in turn based upon the Siacci approximation to flat trajectories and the Gâvre drag function. As an example, the range scale (versus drop) goes from 50 to 1000 yards, and may be read within about ten percent. Ballistic coefficients are supplied for each of the manufacturer's bullets. For Z = 20000(1000)45000 and 50000, the functions A F2/7002, log V/u and N are listed to 2D, 4D, and 2D respectively. For values of Z divisible by 5000 A F77002 is listed to 4D and N to 3D. and a few introductory and incomplete historical remarks might profitably have been omitted in favor of other topics (the genesis of problems, for example), but on the whole there can be no real objections to the choice of material expounded.
A major effort is devoted to a simplex method, which is certainly the most widely used method resolving games and linear programming problems. The description of the theory covered is elementary and clear. However there are no exhibited statements, such as theorems, to summarize the arguments that come to mind.
Several examples are given and solved. The number of drawings included to clarify the presentation is impressive, particularly in the early chapters which are devoted to graphical representations of the theory. This all contributes to the exposition.
In all the book is a valuable contribution to the literature in this popular field, and it contains a valuable selection of material presented clearly.
C. B. T. This is a collection of reports of talks delivered at the symposium, together with the discussion which followed each paper. For all practical purposes, the word "digital" could be in the title of the symposium.
The program was devoted to seven papers having to do with "Computers for Business and Management,"
and seven concerned with "Computers for Engineering and Research." Twelve papers and one abstract appear in the Proceedings, and Collar [3, 4] .
The calculations were carried out on an IBM 650 using a complete double precision rational number interpretive system. The listings are believed to be correct.
Richard Cracovians are rectangular arrays of numbers which are added like matrices, but which are multiplied column-by-column. They were developed by T. Banachiewicz, apparently because column-by-column multiplication is easier in desk computing than row-by-column multiplication.
The present work expounds the definitions, notations, and properties of cracovian theory, and their use in problems of linear algebra. The second chapter is devoted to the solution of systems of linear equations by various methods of triangular decomposition.
In the third chapter are discussed simple iterative methods for solving linear systems and for computing eigenvalues. The exposition is elementary. There are problems from structural mechanics, and many numerical examples of orders up to 5 or 6. The examples are oriented towards desk computation.
The fact that cracovian multiplication is non-associative causes various strained notations, and appears to the reviewer as an overwhelming impediment to fundamental progress. Nevertheless, cracovians have a minority of enthusiastic supporters, largely but not exclusively in Poland.
G. E. Forsythe
University of California Los Angeles, California (After September, 1957, will This is the third improved edition of this impressive textbook of mathematics as it should be applied to physics. The authors are firm in their feeling that the physicist needs a rigorous proof of all theorems used, and they present such proofs under conditions which are suitable for the physics applications they have in mind.
At the beginning of the chapter on numerical methods the authors quote Lord Kelvin, "I have no satisfaction in formulas unless I feel their numerical magnitude." For purposes of this book the authors have no interest in mathematical theorems unless they are applicable to physics (their stated standard is applicability in at least two branches), and they have no satisfaction unless the theorem is proved under adequate conditions for their application and an application illustrated.
Numerous problems are included. Much of the work concerns numerical analysis ; this varies from the classical studies of finite differences through various uses of analysis and studies of special functions. Thus the book is a valuable but not a complete textbook on many aspects of numerical analysis.
The authors have continued to improve the book through these three editions evidently seeking advice wherever it is available. Thus they have put together a sound book containing much material not easily available elsewhere.
The chapter headings follow : The reviewer belongs to a school of thought which holds that the simplest numerical methods (Euler's method of forward differences in ordinary differential equations, for example) may be the soundest introduction to many mathematical subjects. He would have liked to find more numerical material in this text by this author of one of our better numerical analysis texts.
The volume does contain the following tables : A table of 41 Laplace transforms, a table of J^ xmJnix) and */| xmImix) for m = - §(1)9/2, r(x), x = 1 (.01)1.99, 4D, and the first five zeros of JPix) p = 0(1)5.
A chapter on numerical nethods for solving ordinary differential equations includes Taylor's series, the Adams method, the Runge-Kutta method, and the Picard method. A chapter devoted to series solutions of differential equations introduces Bessel functions, Legendre functions, and the hypergeometric function (and the gamma is introduced in connection with Laplace transforms).
Various iterative methods for computing eigenvalues or solutions of equations are discussed, and the author does pay attention to the requirement for numerical answers which engineers frequently face. However, when treating partial differential equations the author does not take up difference equation methods of approximating solutions, which were not popular at the time of writing. Several topics usually included in advanced calculus texts are omitted; multiple integrals and surface integrals are treated only as they arise in vector analysis.
Problems are carefully chosen. This textbook has grown out of the author's continuing efforts to acquaint engineering students with numerical methods of attacking problems in engineering analysis. The author describes engineering analysis as the performance of two steps: "1. Construction of a mathematical model for a physical situation. 2. Reduction of the mathematical problem to a numerical procedure." The present book is largely devoted to the second of these steps, but the arrangement of material conforms more nearly with the first step than with the arrangement of mathematics courses in most schools. Actually, to a mathematician, the book is more nearly a most valuable catalogue of methods (with careful references to existing literature) than a textbook, for proofs are presented only in summary form.
Three classes of problems are considered : Equilibrium problems, Eigenvalue problems, and Propagation problems. Each of these classes is considered first as a lumped-parameter problem (or a problem with a finite number of variables) and then (three chapters later) as a continuous problem.
The reviewer has long felt that use of at least the most elementary numerical methods is the soundest introduction to many courses in mathematics.
Euler's method of forward differences for numerical solution of an ordinary differential equation, for example, offers the student a feeling for the properties described in the Picard existence and uniqueness theorem ; calculation of difference quotients (particularly when they are stated in terms of displacement and time) seems to be a sound introduction to the derivative, and so on. Thus one important purpose which this book can serve is presenting this feeling concerning the nature of solutions of the problems treated. Just as a student who knows Euler's method can do something with any ordinary differential equation initial value problem he is likely to meet, so the student of the present text may make efficient progress on any problem he is likely to encounter from the fields studied. The study (or at least the perusal) of a book of this type would seem to provide an excellent introduction to many aspects of abstract analysis through the concrete examples furnished. Here the motivation for the non-numerical studies would be the promise that some of the problems can be solved more generally and with less effort-a situation to which many students seem highly attracted.
In any event, since recent engineering problems have more and more demanded numerical solution, the book (or its equivalent, which seems not to exist) seems necessary for any complete training in several fields of engineering, and the reviewer suggests that teachers of more abstract courses might well extract much material from the book for introductory use. The author has chosen methods which he feels are most likely to be useful in engineering analysis, and he has expounded them carefully and in a scholarly way consistent with the level of maturity at which he aims. In approximate methods he mentions stability considerations carefully, but he does not swamp the student with all technicalities which can crop up in stability studies. In connection with relaxation he mentions overrelaxation, but stops short of the detailed studies available on the subject. The material to be covered requires a study of methods of solution of systems of linear algebraic equations, and ordinary and partial differential equations with various kinds of initial and boundary conditions. Numerical methods (of scope indicated below) are presented in detail along with an outline of the basic mathematics involved.
The material in the book is illustrated with many worked examples and with a spectacular number of figures and much tabulated material. Problems for the student in each section vary from routine application to problems demanding some knowledge of the theory-determination of degree of convergence of discrete methods, for example.
There is an impressive number of references to basic material used in the book and to additional material which is available for more extensive study.
The book is the second which we have seen recently stressing the importance of numerical calculation in engineering analysis; Purday's book [1] covers much of the same material but with considerably less detail.
A reasonable idea of the contents is gained from the section headings, which follow. 6. Propagation problems in continuous systems: Particular examples-Formulation of the general problem-Mathematical properties-Trial solutions with undetermined parameters-Finite-difference methods for parabolic systems-Finitedifference methods for hyperbolic systems.
One note of criticism concerns the first sentence of the preface: "The advent of high-speed automatic computing machines is making possible the solution of engineering problems of great complexity." However, references in the book to such machines or experience with machines are sparse. This valuable publication certainly did not need this implicit and unfulfilled promise of an introduction to the bright new electronic world.
C. B. T. Price $5.00.
The eleven chapters of this book cover nearly all phases of digital computer design and use. The first three chapters cover the basic elements of computers and mathematics, such as the basic differences between the analog and digital computers and the mathematical definition of a function. These early chapters also include some of the history of mathematics and computing, and outline the types of problems arising in applied mathematics which can be and are solved by computing techniques. The fourth chapter is a discussion of the history of computers which is both interesting and informative but, unfortunately, does not go beyond the EN I AC computer to a description and discussion of the more recent history of stored program computers. The fifth chapter contains discussions of some numerical techniques including those for finding roots of polynomials, solving linear equations, and solving ordinary and partial differential equations. This chapter gives an excellent insight to the beginning student on some of the techniques, but many of the techniques presented are not practical for the modern electronic computer. Bernoulli's method for finding roots of a polynomial equation, for example, is of little importance in the modern computing world. The next three chapters discuss digital computer components, number systems, computer memories, and analog-digital converters. These chapters also outline techniques for performing arithmetic processes in the digital computer, and contain an elementary description of how the computer carries out its operations on the basis of a stored program. The analog computer is likewise treated in these chapters, and the techniques for the mechanical differential analyzer in performing integration are explained. Chapter 9 is a discussion of Monte Carlo techniques and includes an explanation of the solution of linear equations by these techniques. The discussion on sampling techniques includes brief discussions on the solution of certain partial differential equations and techniques for generating "random" sequences. Chapter 10 is a discussion on the various errors which can occur in both analog and digital computers.
Chapter 11 summarizes various special-purpose applications of computers such as those seen in the automatic factory, language translation, and, in a lighter vein, computers which play games.
The central difficulty of this reviewer in evaluating this book is in deciding to whom the information is directed. The book seems to be too elementary to serve as a reference book for any computer professional, either user or designer.
On the other hand, the book does not go into sufficient detail in any area to be a successful textbook for most university courses. It could, however, serve as a textbook on an introduction to computers given to freshman or sophomore students or more advanced non-science students. It could also serve as a reference for the beginner in the field or for a non-professional.
The most serious shortcoming of the book is that the material is not sufficiently modern. Many of the numerical techniques presented are old-fashioned and fundamentals are often described in terms of old-fashioned equipment rather than modern equipment.
(An analog-digital converter could be easily described in terms of halving and comparing the voltage rather than in terms of the mechanical device which transmits a shaft position to a mechanical digit position.) The authors leave the false impression that tables, especially those involving the elementary functions, are frequently stored in computer memory. Often modern words are not used; for example, the words "subroutine,"
"programmer," and the term "parity check bit," are not used in describing and discussing these items.
The style of the book is light and enjoyable and makes interesting reading. The bibliography is good and extensive. Quoting from the preface, "This monograph is an attempt to explain in nontechnical language how a calculator operates, the nature of the problems it solves, and how the problems are presented to the calculator." Actually, it consists almost entirely of a description of "NORC,"
the Naval Ordnance Research Calculator designed and built by the International Business Machines Corporation. Probably but few experts would agree to the claim that NORC ". . . is also easiest to understand" (preface) yet the explanatory attempt must be judged very successful ; it is completely devoid of engineering details (such as component types, circuit diagrams, etc.), relying instead upon simple block diagrams and schematics accompanied by descriptions of the essential properties involved. The language is indeed nontechnical, even such common descriptive contractions as "and/or gate" being avoided, although various colloquialisms native to business machinery, such as "echo-pulse," "print cycle," are explained and used. Here and there the viewpoint tends to be a bit insular; for instance the basic electronic building block turns out to be a binary pulse shaper producing 1 microsecond time delay; this is called a Dynamic Pulse circuit, written always with capitals, like a Thing. Again, no allusion is made to any except IBM equipment, nor to technical contributions by any outsiders except F. C. Williams, the Red Queen, Leibniz and Newton.
Chapter I is introductory, and begins with a general outline of the need for, and requirements of automatic en masse arithmetic, and sketches the typical mental, organizational, and instrumental hurdles that must be overcome. Lucid examples of basic arithmetical and scaling operations are given, as well as various notions about electronic components, timing relationships and the rôle of main functional units such as the arithmetical, memory, input-output, etc. Halfway through the chapter all such generality is jettisoned without rites and supplanted by a clear outline of NORC'S code-language, organization, structure, and philosophy; these and other features of NORC are more fully developed in all chapters but the last of the ten that follow, and in five summarizing appendices. The level of exposition is, on the whole, excellent; one may take exception-as does this reviewer-to the practice of attaching grammatical commas and periods to arithmetical examples, and to the use of the word "accuracy" instead of the word "reliability" in contexts where freedom from accidental errors is meant, but aside from these trivialities of taste, the exposition leaves little to be desired.
NORC is revealed to be quite a fast machine (70 microseconds to multiply ; 50 to add or subtract; 250 to divide; 8 for memory access), with ample memory capacity (3600 words, each 66 bits) composed of 4 banks of Williams CRT storage, supplemented by 8 magnetic tape units of impressive capacity (400,000 words each) and speed (4000 words/second), plus printing (19 words/sec) and card punch/read facilities (400 words/min).
Each order is an instruction plus three addresses, the latter automatically modifiable en route. The instruction list is almost lavishly flexible; all standard arithmetic operations are available with options of floating point (±30), automatic sizing shifts, extractions for order modification, transplantation of addressees, etc. There are no less than 21 control transfer instructions, plus 5 for print control and 9 for tape control; the grand total is 98. Data entries are normally preserved to 13 decimal places, and there appears to be an efficient provision for double-precision arithmetic. Beyond doubt, NORC should be classed as an outstandingly flexible and effective computing system.
Electronically, NORC belongs in the category of "pulse recirculating" machines typified by SEAC of the National Bureau of Standards. These machines avoid the use of static memory cells of Eccles-Jordan "flip-flop" type in their arithmetical and logical units by routing binary pulses through various circulating paths consisting of time delay and pulse re-shaping components. Since identification of pulse position on this moving coordinate system is vital, a central clock is used to quantize the time coordinate and great stress is laid upon matters of timing, pulse shaping, and synchronism.
The internal language of NORC consists of words 16£ decimal digits long, each digit being represented by a tetrad of binary digits. It is actually true that arithmetic within the machine is carried out in this mixed base, elements of an essentially binary nature (aggregates of dynamic pulse units plus gangswitches) being combined so as to preserve the local identity (i.e., within tetrads of wires, elements, etc.) of decimal characters. Words are taken from or put into the memory as 66-bit parallel transfers, whereas within the arithmetic unit the basic process involves 4-abreast shifting of successive tetrads to effect, for instance, addition that is decimally serial. Multiplication is done by a similar shift of the multiplicand stepwise through a parallel circuit called a "product generator" equivalent to a multiplication table, so that as each multiplicand digit steps up to the altar, all ten multiples of it become simultaneously available. From this array all multiples specified by the multiplier digits can thus be accumulated at each multiplicand step, and the entire product assembled during one "pass." Consequently multiplication is almost as brief as addition, though division does not fare comparably well, requiring four or five times as long.
A little bookkeeping may suggest that NORC is somewhat extravagant with regard to information capacity, one binary tetrad capable of representing 16 alternatives being used to represent only 10, etc. This glaring redundancy is the decimal man's burden and seems unavoidable; in NORC some slight byproduct utility is recovered by using "12" and "13" for magnetic tape word-end and block-end signals. Much emphasis is placed upon automatic checking throughout the discussion and NORC uses two systems, (a) modulo 4 summing of the bits in each word, affixing half a tetrad of redundancy to tag this, and (b) "castingout-nines" checking of the arithmetic operations. Together, (a) and (b) seem to make good sense, whereas (a) alone would be quite weak since repeated doublings play a key rôle in the product generator. In the Williams memory a parity check is also provided for the sum of the bits in each of the 66 parallel positions. Altogether, these features inspire confidence, yet in a machine having some £ of its capacity redundant, one wonders whether it might not have been feasible to make the checking density far more severe.
The reader concerned with machine design will appreciate that NORC has been moulded to fit rigorously within a framework of precepts: decimal, speedy, ample capacity, big vocabulary, pulsed circuits, checking. Probably not everybody would choose exactly this prescription, but few would deny that it is interesting and bold, and seems to have been carried out with systematic skill and generous material resources, and with the sort of opportunistic ingenuity that is the hallmark of elegant design. The field of computer design is advancing so rapidly both in technology and in concepts that no design group can claim ultimate insight, and all may well benefit from a study of the various species evolved. NORC deserves careful study, and it is to be hoped that a careful comparative examination of its operational performance will eventually be published.
The final chapter in Faster, Faster is entitled, "What is there to Calculate?", and consists of a very elementary but clear discussion of calculations applied to linear systems, ballistic trajectores, planetary motion, etc. Perhaps a slight improvement could be made by distinguishing more carefully the idea of solving a mathematical problem in general from the idea of calculating a numerical solution ; on page 131 following a discussion of ballistics, the statement that "A slightly more complicated problem is the three-body problem" may illustrate this point. Aside from this, the discussion of numerical procedures is well suited to convey the flavor of this field to the nonspecialist. for Comp. Machinery, v. 4, 1957, p. 41-46. The author gives a method of using an ordinary punched card sorter to separate a deck of punched cards into no more than m sub-decks in each of which all numbers are congruent, mod m. C. B. T. The paper gives detailed wiring diagrams and instructions for use of a general purpose 602A board. Although the 602A is an electromechanical and, by electronic standards, a slow machine, it has a high degree of flexibility which is utilized in the board described. The board will perform operations on 8-digit numbers of the form: iA + a)*(5 + b) + c = d where * indicates +, -, X or /; the small letters indicate any of seven internal storage registers, and the capital letters fields on the input cards. A bibliography listing pertinent works in instrumentation. It includes sections on automatic control, analogue and digital computers, and many other applications more or less related to computation.
Books and reference works which appeared no more than about twenty years prior to the compilation of the bibliography were listed, and all periodical articles found were listed. The closing date is not stated, but it was presumably some time during 1954. Sources of material are generally described and listed as specifically as is reasonable.
C. B. T. This 57-page booklet reports on one of the earliest applications of computers to commercial work in England ; the application is a government payroll calculation, and the machine used is the DEUCE. The report is quite complete, including block diagrams, time and cost data, and even considerable discussion of computers per se, reliability, and a section on data sorting. Following are some of the report's conclusions :
(1) A "scientific computer" with magnetic tape input-output forms an adequate machine for payroll work.
(2) The reliability of this operation is satisfactory if attention is given to program checks, proper machine maintenance, and safety margins in the time schedule; automatic "built-in" checking is not essential.
(3) The computer permits reduction in clerical staff, but further economies could be obtained if input data were originally recorded in appropriate form.
(4) The report contains cautious statements indicating that payroll work may justify or at least help justify a computer installation in many organizations.
NOTES
The DEUCE (successor to ACE) has a 250,000 bit magnetic drum, 32 bit word size, mercury delay line high speed store, and two milliseconds multiply time. functions, together with a discussion of their analytic properties and a set of formulas and tables for interpolation and other techniques useful to the occasional computer."
